Abstract. Interstellar molecular clouds are sources of gamma rays through the interactions with cosmic ray protons followed by production of neutral pions which decay into gamma rays. We present new observations of the TeV gamma ray SNR RXJ 1713.7-3946 and the W28 region with the NANTEN2 sub-mm telescope in the 12 CO J =2-1, 4-3 and 7-6 emission lines. In RXJ 1713.7-3946 we confirm that the local molecular gas having velocities around −10 km s −1 (with respect to the local standard of rest) shows remarkably good spatial correlations with the SNR. We show that the X ray peaks are well correlated with the molecular gas over the whole SNR and suggest that the interactions between the SNR and the molecular gas play an important role in cosmic ray acceleration via several ways including magnetic field compression. The J =4-3 distribution shows a compact and dense cloud core having a size of ∼1 pc as well as a broad wing towards peak C of the CO distribution. The cloud core shows a remarkable anti-correlation with the Suzaku X ray image and is also associated with hard gamma rays as observed with HESS. Based on these findings we present a picture that peak C is a molecular clump survived against the impact of the SN blast waves and is surrounded by high energy electrons emitting the X ray. The TeV gamma ray distribution is, on the other hand, more extended into the molecular gas, supporting the hadronic origin of gamma ray production. W 28 is one of the most outstanding star forming regions exhibiting TeV gamma rays as identified through a comparison between the NANTEN CO dataset and HESS gamma ray sources in the Galactic plane. In the W 28 region, we show the CO J =2-1 distribution over the whole region as well as the detailed image of the two TeV gamma ray peaks. One of the two peaks show strong CO J =7-6 emission, suggesting high excitation conditions in this high mass star forming core. A pursuit for the detailed mechanism to produce gamma rays is in progress. Finally, we discuss results of numerical simulation of the time dependent gamma ray image towards an ensemble of molecular clouds in the Galactic plane. 
INTRODUCTION
The interstellar molecular clouds in the Galaxy are gamma ray sources via the interaction between cosmic ray protons and the molecular gas which leads to production of neutral pions followed by decay into gamma rays. It is therefore important to understand the distribution of the molecular clouds in the Galactic disk and CO surveys have been used to identify such gamma ray sources extensively (e.g., Slane et al. 1999; Fukui et al. 2003) .
RXJ 1713.7-3946 or G347.3-0.5 is a most remarkable SNR which exhibits non-thermal X rays and strong TeV gamma rays. This SNR was first discovered by ROSAT All Sky Survey (Pfeffermann & Aschenbach 1996 ) and ASCA revealed that the X ray emission is dominated by synchrotron emission (Koyama et al. 1997 ; Slane et al. 1999 ). Subsequently to the discovery of TeV gamma rays by Cangaroo (Muraishi et al. 2000) , HESS collaborations revealed the remarkable shell shape (Aharonian et al. 2006) . RXJ 1713.7-3946 seems to be the most important object to understand the TeV gamma rays of hadronic origin because of its good association with molecular gas (Fukui et al. 2003 ; Moriguchi et al. 2005) .
It has been shown that the W 28 region consisting of a SNR and high mass star forming regions show excellent coincidence with TeV gamma ray sources in the Galactic plane (Aharonian et al. 2008 ). This offers a new possibility that active star forming regions are the site of cosmic ray acceleration possibly via stellar winds, supernova explosions etc. of massive stars.
We shall discuss the SNR and the star forming region in connection with the molecular gas revealed by new observations at sub-mm and mm wavelengths obtained with the NANTEN2 4m sub-mm telescope, which is an upgraded telescope of NANTEN, installed at an altitude of 4800 m in Atacama, Chile.
DISTANCE OF RXJ1713.7-3946
The distance of the SNR has been under some debates. Koyama et al. (1997) estimated the distance to be 1 kpc from the X ray absorption column density. This method assumes that the foreground HI in the line of sight is distributed uniformly and is subject to a large uncertainty if any localized cloud is responsible for the absorption. Slane et al. (1999) used the CO dataset obtained at 8.8 arcmin beam and identified that a CO cloud (called Cloud A) at ∼6 kpc is associated with part of the SNR. After that, 6 kpc was used as the distance widely in the literature. Fukui et al. (2003) made CO J =1-0 observations with a higher resolution of 2.6' beam with the NANTEN 4m telescope towards the SNR and inspected a large velocity range over 100 km s −1 to search for any correlated features with the SNR. As a result, Fukui et al. (2003) discovered molecular gas at around −10 km s −1 in v LSR shows the best correlation with the ASCA X ray image and concluded that the distance is ∼1 kpc based on the Doppler shift by the Galactic rotation. Koo (2004) made an independent analysis of HI and derived a similar distance of ∼1 kpc. A detailed account of the NANTEN observations were presented by Moriguchi et al. (2005) . These authors confirmed the distance 1 kpc and noted that a foreground cloud perhaps located at a few 100 pc causes absorption in a soft X ray image which gives a constraint on the lower limit of the distance. Generally speaking, the random motion of the galactic clouds is around 5 km s −1 and the error limits of 1 kpc are ±0.5 kpc from the kinematic argument. Wang et al. (1997) proposed that a guest star recorded as AD 393 corresponds to the SNR. If we accept this identification, the age of the SNR is 1600 yr and the radius is estimated to be 8 pc for a nominal expansion velocity of 5000 km s −1 . We find that a distance 1 kpc is just consistent with this radius. Considering all these, we adopt the distance of the SNR to be 1 kpc.
CORRELATIONS OF MOLECULAR GAS WITH THE X RAYS AND GAMMA RAYS
It is important to note that the associated molecular gas can provide clues to understand the emission mechanisms of X rays and gamma rays. Figure 1 shows an overlay of the CO distribution on the XMM X ray image; the major four peaks of CO, A-D, (Fukui et al. 2003 ) and several additional CO peaks in Moriguchi et al. (2005) show remarkable correlations with the X ray distribution. We recognize that the X ray peaks are all associated with the CO peaks. Generally, the association is not exact positional matching but some shift of several arcmin is commonly seen; one of such examples is found towards peak A which is associated with a X ray peak towards (l, b)=(346.933 • , −0.300 • ). Such association for all the X ray peaks strongly suggests that the X ray emitting components have physical connection with the molecular gas. Figures 3a and 3b , on the other hand, show overlays with the low-and highenergy bands of the HESS image. We find that peak C is associated with the strongest peak of the high-energy gamma rays.
The TeV gamma image is generally taken to indicate a shell shape similar to the X ray images (e.g., Tanaka et al. 2008) but it is not true that the gamma ray and X ray show exact agreement with each other. The HESS image in fact shows some significant differences with the X ray image on smaller scales, for instance, towards peak C (see Figure 4) .
STAR FORMATION AROUND RXJ1713.7-3946
It has been suggested that the supernova explosion occurred within the wind-blown bubble created by the massive star projenitor star (Slane et al. 1999 and Ellison et al. 2001 ). This scenario is consistent with the candidate for a central neutron star which resulted from a corecollapse supernova as suggested by Slane et al. (1999) ; Lazendic et al. (2003) . This bubble is likely forming a shell of molecular gas currently interacting with the SNR. Such a wind-blown bubble is observed elsewhere in the CO emission (e.g., Yamamoto et al. 2004 ).
If we adopt the timescale of the bubble to be ∼10Myrs, the compressed gas may be able to form stars in it. This scenario is in fact consistent with the identification of the young stars based on the IRAS point source catalog (Moriguchi et al. 2005 ). These authors note three IRAS point sources are located towards peaks A, B and C, which are low to intermediate-mass protostars of 100-1000 solar luminosities with protostellar far-infrared SED. Accordingly, we are witnessing an ad-hoc situation where the supernova blast waves just reached the molecular shell and initiated the interaction whose duration may be only a few 100yrs at most.
PEAKS A AND C; NANTEN2 SUB-MM RESULTS
Sub-mm line emission of interstellar molecules is an excellent probe of the dense and warm molecular gas. Figures 4a and 4b show the distribution of the 12 CO J =2-1 emission line obtained with the NANTEN2 submm telescope overlayed on the Suzaku X ray and HESS TeV gamma ray distributions, respectively. The 12 CO J =4-3 distribution in Figures 5a and 5b indicates a dense and compact core smaller than 1pc whose density is around 10 4 cm −3 or higher overlayed on the same images of X ray and gamma ray. The core shows a good agreement with the IRAS point source IRAS17089-3951 and the broad wings first discovered by Fukui et al. (2003) . These agreements indicate that the IRAS source is an embedded young low-mass protostar driving the molecular outflow instead of shock-accelerated wings suggested before (Fukui et al. 2003; Moriguchi et al. 2005) . We suggest that the J =4-3 core represents a dense core embedded in the cavity swept-up by the blast waves of the supernova remnant. We note that peak C is surrounded by thin X ray features which is likely emitted from the volume close to the surface of the core ( Figure 5 ). In addition, peak A is well delineated by the X ray emission, suggesting possibly a nearly edge on view of the impacting blast waves on the molecular gas (Figure 4) . The fact that peak C is most prominent in the high-energy band of HESS image suggests that the cosmic ray protons are actively produced in its vicinity. Further, the 12 CO J =2-1 distribution of peak D (Figures 6a and 6b) shows also similar anti-correlation with the Suzaku X ray image, indicating that the situation discussed for peak C seems commonly applicable to peak D. Rosad et al. (1996) 
COMPARISON WITH THE OTHER TEV GAMMA RAY SNRS
We shall here briefly compare RXJ 1713.7-3946 with the other SNRs, Vela Jr., and RCW 86. We have studied the CO distribution with NANTEN towards these SNRs and list mass of the associated molecular gas in Table 1 . It is notable that RXJ 1713.7-3946 is associated with quite massive molecular gas for its young age. By considering their shape, we suggest that the expansion of RXJ 1713.7-3946 is most significantly affected by the surrounding molecular gas although the others are much less so at the present epoch. This is consistent with the circular shape of the others as compared with RXJ 1713.7-3946 whose shape is distorted into a parallelogram-like shape (e.g., Uchiyama et al. 2005 ). So, RXJ 1713.7-3946 is unique in its interaction with the massive molecular gas that is distributed over three quarters of its outer boundary (Moriguchi et al. 2005 ).
The interaction of the SNR has been discussed in detail from a view point of gamma/X rays by Aharonian et al. (2006) and Uchiyama et al. (2005) . A recent analysis of the Suzaku and HESS data, on the other hand, did not explicitly discuss the connection with the molecular gas (Tanaka et al. 2008 ). Based on a spectral analysis these authors concluded that the gamma rays are produced by the hadronic process with magnetic field strength of ∼ 100µG rather than the leptonic process because the latter cannot reproduce the low-energy TeV spectrum without introducing some ad-hoc parameters of background photons. Also, they noted that the distance of the SNR may be closer than 1kpc to explain the cosmic ray proton energy in a reasonable range less than 10 51 ergs under the assumption that the target proton density is ∼1 cm −3 .
The present argument given above indicates that the molecular gas plays an important role in the emission properties of the gamma/X rays. We shall note that the field strength adopted by Tanaka et al. (2008) may actually be a result of the expansion of the SNR into the dense gas and the effects of the interaction are implicitly taken into account in the field strength. Since X rays are emitted in the lower density volume adjacent to the molecular gas where density is low, the molecular gas only indirectly affects the X ray properties except for the magnetic field strength and perhaps for locally enhanced density. For the hadronic gamma ray production, the total cosmic ray proton energy is expressed as Wp ∼ 2 × 10 50 (n/1 cm −3 ) −1 (d/1 kpc) 2 [erg] (Tanaka et at. 2008) and a distance smaller than 1 kpc is favored if density is taken to be 1 cm −3 . We suggest that the close connection between the HESS gamma ray and the NANTEN molecular gas suggests that the typical interacting density may be higher than 1 cm −3 since the molecular gas has density of ∼100 cm −3 or more and that a smaller distance is not required.
The current theoretical studies of the cosmic ray acceleration are based on diffusive shock acceleration (for review, see Blandford and Eichler 1987; Malkov and Drury 2001) . We suggest that inclusion of the interaction with the molecular gas may remain to be more explicitly made in such theories for better understanding of the emission properties of the gamma/X rays.
HIGH MASS STAR FORMING REGION W 28
W 28 is one of the most outstanding star forming regions exhibiting TeV gamma rays as identified through a comparison between the NANTEN CO dataset and HESS gamma ray sources in the Galactic plane. It is most outstanding in the gamma ray-CO correlation among the similar objects discovered so far. Other sources of high mass star forming regions like Westerlund2 shall be discussed elsewhere. Figure 7 shows the large scale 12 CO (J =2-1 distribution overlayed with the HESS TeV gamma rays. This clearly indicates a good spatial correlation between them. It is not yet conclusive but is possible that all the clouds in Figure 7 are physically connected with each other since their LSR velocities are in a range of ∼ 20 km s −1 ; an association of giant molecular clouds is possible at a distance of a few kpc (Aharonian et al. 2008 and references therein). Figure 8 shows the two cloud cores in the south of the W28 region as observed in the J =7-6 and 4-3 emission lines with NANTEN2. These high excitation lines indi-
